ABSTRACT
INTRODUCTION
Yam (Dioscorea opposita Thunb.) is widely distributed in China and has been used as an important invigorant in traditional Chinese medicine for many years. It has been used for nourishing liver and kidney, promoting the production of the body fluids and benefiting the lung and invigorating the kidney and spleen (Zuo and Tang, 2003) . Yam contains many chemical components such as mannan, allantoin, dopamine, batatasine, phytic acid, abscisin II, amino-acids, glucoprotein, choline, cholesterol, ergosterol, campesterol, saponins, starch, non-starch polysaccharide etc (Nie et al., 1993; Zhao et al., 2003) .
In recent years, more and more attention has been paid on the activity and extraction process of the active substances contained in yam. Zhao et al., (2003) studied the structure and antitumor activity of RDPS-I polysaccharide from yam. Zhao et al., (2009) reported the extraction technology of water-soluble components in yam using alkali proteinase. However, the starch which accounted for 20~60% of total biomass of yam was ignored and wasted during the isolation and separation of the low molecular weight bioactive ingredients, resulting in the waste of resources and contamination of the environment. Starch, an important carbohydrate in higher plants, is widely used in food, pharmacy and other industry such as thickening and gelling agent as well as pharmaceutical excipient (Demiate et al., 2001; Judith et al., 2005) , deserves detailed investigation to understand better its structural and functional characteristics. The physicochemical, morphological, thermal and crystal properties of starch obtained from yam using ordinary method have been reported . However, the properties of starch obtained from the yam residues, which have been produced during the isolation of bioactive ingredients by several methods, have been not full investigated yet. To fully use the source of medicinal plant and protect the environment, the properties of starch in the yam residue deserves deep study. The purpose of this study was to investigate the properties of starch obtained from the yam residues which were treated with alkali and enzyme treatments and compared with that of yam starch isolated with ordinary method. The properties of starch samples were obtained using scanning electron microscope (SEM), x-ray powder diffractometer (XRD), differential scanning calorimeter (DSC) and Brabender viscograph. With the obtained results, it would be possible to precisely evaluate the availability and provide sufficient parameters to make full use of yam residue.
MATERIAL AND METHODS

Reagents and materials
The yam flours were received from Wanxi Medicine Co., Ltd. (Henan, China), which were made by milling the dried yam slices with a hammer mill and then sieving under laboratory sieve of 600 µm aperture size. For yam residues treated with alkali, the proximate composition % on dry weight basis was found to be 92.0 starch, 2.6 protein, 0.6 fat, 2.5 fiber and 2.3 ash. For the yam residues treated with enzyme, the proximate composition on % dry weight basis was as follows: 93.3 starch, 1.4 protein, 0.5 fat, 2.3 fiber and 2.5 ash. The alkaline proteinase (140000 U/g) was provided by Novozymes Enzyme Co. (Tianjin, China).
Preparation of yam starch using ordinary method (starch-O)
The native starch was isolated following the method described by . The yam flour was washed and sieved with a 150 µm mesh sifter. After depositing, the supernatant was removed by suction and the settled starch layer was resuspended in distilled water. After seven or eight cycles of depositing and resuspending repeatedly, the slurry containing starch was centrifuged at 3000 r/min for 20 min. The supernatant was discarded and the upper nonwhite layer was removed. Ethanol (70%) was added in order to remove the low molecular weight compounds. The white layer was resuspended in distilled water and recentrifuged 3~5 times. The white layer obtained was dried in a convection oven at 50 °C until weight constancy. The dried material was milled and sieved with a 75 µm screen to get the starch flour.
Preparation of starch isolated from the yam residue treated with alkali (starch-A)
At first, the yam flours were treated according to the modified method described by Haba et al., (2005) . One hundred grams dried yam flours was suspended in 1 L distilled water in a reaction pot and the pH value was adjusted with 0.1 M NaOH to about 9.0. Then the starch suspension was incubated in a water bath at 40 °C with a working churn and kept at constant temperature for 4 h. After that, the suspension was centrifuged at 3000 r/min for 10 min. The supernatant was spilled and the solid layer was resuspended in distilled water. The following steps were the same as the method mentioned in the preparation of starch-O.
Preparation of starch isolated from the yam residue treated with enzyme (starch-E) At first, the dried yam flours were treated following the method described by Zhao et al., (2009) . One hundred grams dried yam flour and 7000 U alkali proteinase were suspended in 1 L distilled water in a reaction pot and the pH value was adjusted with 1 M Na 2 CO 3 to 9.5. Then the suspension was incubated in a water bath at 45 °C with a working churn and kept at constant temperature for 1.5 h. After that, the suspension was centrifuged at 3000 r/min for 15 min. The supernatant was spilled and the solid layer was resuspended in distilled water. The following steps were the same as the method mentioned in the preparation of starch-O.
Determination of amylose content
The apparent amylose contents were determined by the amylose-iodine complex procedure with modification (Fathat et al., 1999) . The results were obtained using a spectrophotometer (Shimadzu UV-1700, Tokyo, Japan). The starch sample of 0.1000 g was suspended in a solution containing 1 mL 99% (v/v) ethanol and 9 mL of 1 M NaOH and heated in a water bath of 95 °C for 10 min. Then the starch solution was diluted with deionized water to 100 mL. Five milliliter of the solution was transferred into 100 mL flask, and 50 mL deionized water and 1 mL iodine solution was transferred at the same time. After that the volume was made up to 100 mL with deionized water. Five milliliter of 0.09 M NaOH solution was transferred into another flask as a blank. Then the value of absorbance was obtained at 620 nm. The experiments were performed in triplicate.
Determination of water-binding capacity (WBC)
WBC of samples was determined using the method of Yamazaki (1953) , as modified by Medcalf and Gilles (1965) . A suspension of 5 g starch (dry weight) in 75 mL distilled water was agitated at 25 °C for 1 h and centrifuged at 3000 r/min for 10 min. The free water was removed from wet starch, drained for 10 min and wet starch was weighed.
Determination of swelling power and solubility
The value of swelling power and solubility were determined according to the method of Yuan et al., (2007) . Fifty milliliter of 2% (w/w) starch (dry basis) suspension was prepared and measured exactly. Then the starch suspension was incubated in a water bath at different temperatures from 65 to 95 °C with a working churn and kept at constant temperature for 30 min. Subsequently, the sample was cooled at room temperature and put into centrifuge tubes with cap. Then these tubes were centrifuged at 3000 r/min for 20 min. The supernatant was dried at a convection oven at 50 °C, and then the sediment weight and solid content of the supernatant were weighed. The equations of solubility and swelling power are as fellows:
(1 ) 100
Where A refers to solid content of the supernatant; W refers to the dry weight of starch samples; P refers to the sediment weight.
Morphological Properties
The dried yam starch samples were mounted on a glass board covered with double-side tape and gilded with gold in a Polaron E-5200 coating unit (Polaron equipment, Watford, England). Then the prepared starch granule morphology was studied using Philips XL-30 ESEM scanning electron microscope (Philips, Eindhoven, Holland). These images of samples were received at 20.0 kV accelerating voltage and magnified 500 times.
X-ray diffractometry
The structures of starch samples were carried out using wide-angle X-ray diffraction. They were recorded with a Rigaku D/max 2500 X-ray powder diffractometer (Rigaku, Tokyo, Japan). These dried powder samples were scanned using Cu Kα radiation (λ = 1.54056Å) at 40 kV and 150 mA. The scanning region of the angles (2θ) was from 3 to 50° at a scanning speed of 6 °/min. The scan steps size of 0.02 were used with a dwell time of 0.2 s. The degree of crystallinity of the samples was quantitatively estimated following the method of Nara and Komiy (1983) .
DSC
Thermal characteristics of starch samples were studied by using a differential scanning calorimeter (NETZSCH, Germany) equipped with a thermal analysis station. Each of the starch samples (3.5 mg, dry weight) was loaded into an aluminium pan (Mettler, ME-27331) and distilled water was added with the help of a Hamilton microsyringe to achieve a starch-water suspension containing 70% water. These pans were hermetically sealed, equilibrated at room temperature for 1 h and heated from 20 to 120 °C at a heating rate of 10 °C/min. The melting enthalpy and the temperature axis were calibrated with indium. Each test was carried out with an empty pan as a reference and the onset temperature of gelatinization (T o ), the peak temperature (T p ), the gelatinization temperature at conclusion (T c ), and melting enthalpy (∆H) were recorded. The range of gelatinization temperature (R) was computed as (T c -T o ) and the peak height index (PHI) was calculated as the ratio ∆H/ (T p -T o ) (Krueger et al., 1987; Vasanthan and Bhatty, 1996) .
Determination of Pasting Properties
The pasting properties of the samples were measured using a Brabender Viscograph-E Measurement and Control Systems (Brabender OHG, Duisburg, Germany). Thirty grams (dry basis) of starch sample and 470 mL of distilled water (6%) were mixed and transferred into the cup of Brabender viscograph. The starch suspension was heated from 35 to 95 °C at 1.5 °C /min and kept for 30 min at 95 °C, then it was cooled down to 50 °C at a rate of 1.5 °C /min and held at 50 °C for 30 min. Then pasting cures were evaluated for the peak viscosity (PV), hot paste viscosity at 95 °C (HPV), viscosity at 50 °C (CPV), breakdown viscosity (BV) and setback viscosity (SV).
RESULTS AND DISCUSSION
Amylose content
The amylose contents of yam starch obtained with ordinary method and starches separated from the yam residues were obtained by using a spectrophotometer. Significant differences in the amylose contents were observed (Table 1) . On dry weight basis, the starch-O had the highest apparent amylose content (22.17%) while the starch-E had the lowest apparent amylose content (19.47%).
The lower amylose content of the starches obtained from alkali and enzyme treated residues could be due to the mild hydrolysis of amylose in the solutions of high pH value. Table 1 showed that the WBC of starch samples was slightly different, lowest for the starch-E and highest for the starch-O. High WBC of starches could be attributed to the involvement of a less proportion of the hydroxyl groups in forming the hydrogen and covalent bonds between starch chains than with water (Hoover and Sosulski, 1986) . Swelling Power and Solubility Fig. 1 showed that the swelling power of three different samples were slightly different and the starch-O always had the highest swelling power, followed by the starch-A. The swelling power of starch has been reported to depend on the waterbinding capacity of starch molecules by hydrogen bonding (Lee and Osman, 1991) . Fig. 2 showed that the starch-A had the highest solubility from 65 to 80 ºC, whereas the starch-O dissolved best from 85 to 95 ºC. The swelling power and solubility of samples increased obviously as the temperature increased, but the differences among different samples in the same temperature were indistinctive. This indicated that two different treatments had little influence on yam starch due to its stable granule structure. 
Water-Binding Capacity (WBC)
Starch Granule Morphology
The granule shape, size and morphology of samples are shown in Fig. 3 . The SEMs of three starch samples showed the presence of starch granules, from small to large and round or cuboidal to oval or irregular, with diameter ranges between 5~20 and 20~50 µm for small and large granules, respectively. Also, the surface of the starch granules of three samples all appeared to be smooth with no evidence of any fissures. This indicated that the alkali and enzyme treatments had little impact on the granule surface of yam starch.
X-ray diffractometry
The crystal characterizations of starch granules have often been carried out using X-ray diffraction patterns, which have been classified as A, B or C pattern. According to the current models of starch granule, parallel double amylopectin molecules result in the formation of crystalline regions, while amylose molecules result in the formation of amorphous regions in the starch structure (Cheetham and Tao, 1998) . The X-ray diffractograms of the three starch samples are presented in Fig. 4 . The corresponding degree of crystallinity calculated from the ratio of diffraction peak area and total diffraction area are shown in Table 1 . The diffraction spectra showed four strong diffraction peaks at 5.6, 14.8, 17.0 and 23.1° of 2θ. Of all the diffraction peaks showed in the Fig. 4 , the peaks at around the 5.6 and 17.0° of 2θ were characteristic of B-type pattern. The other two peaks at 14.8 and 23.1° of 2θ were indicative of the A-type pattern. Thus, the three starches separated from the yam with different treatments were classified as C-type, which was a mixture of A and B types. The degrees of crystallinity of three starch samples are shown in Table 1 . Generally speaking, the degree of crystallinity of starch is depending on its amylose content. The higher the amylose content, the lower is the degree of crystallinity of starch. The starch-O had the highest amylose content and the lowest degree of crystallinity while the starch-E showed the lowest amylose content and highest degree of crystallinity.
Differential Scanning Calorimetry
Starch gelatinization was characterized by DSC because of its accuracy. As known from the literature (Biliaderis et al., 1980) , starch granule is a semi-crystalline entity. When heated with steam it swells and an endothermic process is noted. At the same time, the order of crystallinity becomes disordered. The results of DSC analysis of starch samples are summarized in Table 2 . The transition temperatures (T o , T p , and T c ), range (T c -T o ), enthalpies of gelatinization (∆H gel ) and peak height indices (PHI) of starches isolated with the three different methods differed significantly. Compared with other starches, the starch-E showed the highest gelatinization temperature (T o , T p , T c ) what indicated that it had a higher level of crystallinity, while the starch-O had the lowest gelatinization temperature which could be due to the lowest degree of crystallinity of its granules (Tester and Morrison, 1990) . The starch-E showed the highest ∆H gel value (12.04 J/g), followed by the starch-A (11.96 J/g), while it was lower for the starch-O (10.54 J/g). Previous study has postulated that the increasing ∆H gel value indicates the decreasing amylose content of the three starches (Iouchi et al., 1984) . The starch-O had the highest R value, while the starch-A had the minimum value. The differences in R value among the starch samples could be due to the presence of crystalline regions of different strength in the granules (Banks and Greenwood, 1975) . PHI is a measure of uniformity in gelatinization and is the ratio of ∆H gel to the gelatinization temperatures range. PHI of starch-E was the highest, whereas that of starch-A was the lowest. These different thermal properties could be attributed to the effect of alkali and enzyme treatments on the amylopectin content, the degree of crystallinity and the presence of crystalline regions of different strength in the granules of starch samples (Singh and Singh, 2001 ).
Determination of pasting properties
The pasting properties of starch samples determined by Brabender Viscograph are presented in Table 3 . The pasting temperature (PT), peak viscosity (PV), hot-pasting viscosity (HPV), cool-pasting viscosity (CPV), setback viscosity (SV) and breakdown viscosity (BV) of the three starches differed significantly. The starch-E had the highest PT (83.6 ºC) and the lowest PV (119 BU), while the starch-O had the lowest PT (81.1 ºC) and the highest PV (221 BU). The higher degree of crystallinity of starch-E was probably responsible for the higher PT. The viscosity of starch-O decreased from 221 to 175 BU during the holding period, whereas the other starch samples did not display much shear thinning. The CPVs increased after cooling down and the increased CPVs indicated that the paste could be more resistant to shearing and could form a more rigid gel , which suggested a pronounced tendency to retrogradation. Setback is defined as the degree of re-association between the starch molecules involving amylose (Charles et al., 2004) . The SVs of starch-O, starch-A and starch-E were 26 BU, 29 BU and 28 BU, respectively, being slightly different. The starch-O showed the highest BV (46 BU), followed by the starch-A (6 BU), while it was lower for the starch-E. Higher BV suggests that the sample has undergone a higher degree of swelling and subsequent disintegration (Abera and Sudip, 2003) , and the evidence is received from the highest swelling power of native starch (Fig.  1) . 
CONCLUSIONS
The sarches separated from Chinese yam residues after the different treatments showed significant changes in physicochemical, morphological, thermal, crystal and pasting properties. The starch-O had the highest amylose content, while the starch-E had the lowest level of amylose. The three different starch samples showed different water-binding capacities, swelling powers and solubility. The surfaces of the starch-A and starch-E were as smooth as starch-O granules. This indicated that the yam starch isolated from yam residue could also be used as a material of many products such as porous starch. The starch-E had the higher degree of crystallinity as well as the higher gelatinization temperature and enthalpy. However, the starch-O had the lower degree of crystallinity as well as the lower gelatinization temperatures and enthalpy. The crystal type of the three starches was a C-type pattern. Brabender viscosities showed that the peak viscosity and breakdown viscosity of starches obtained from the yam residues treated with alkali and enzyme were lower than those of native starch. The pasting temperatures of starch-O, starch-A and starch-E were 81.1, 82.4 and 83.6 ºC, respectively. Although many properties of starches obtained from two different yam residues showed significant differences to the native starch, the basic structure of starch granules was not changed, which indicated that these starches could also be used instead of native yam starch available commercially.
